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Abstract

This paper studies the mortar plastic viscosity and the surface properties of self-compacting
fair-faced concrete, and the software Image-Pro Plus is used to quantificationally analyze the sur-
face properties. The mortar rheological properties are described by applying Bingham fluid. The
results indicate that the viscosity properties of mortar in the self-compacting fair-faced concrete
are in line with the rheological equation of Bingham fluid, which shows that the mortar plastic
viscosity is a significant factor for the surface properties of self-compacting concrete, but the cor-
relation between surface properties and the yield shear stress or the flow velocity is low. The in-
crease of water content or adding air entraining agent, can reduce the plastic viscosity and shear
yield stress, but the equal volume replacement of river sand with light sand can only reduce the
plastic viscosity, but the yield shear stress will increase. With the increase of plastic viscosity, the
percentage of surface pore areas gradually increases, the pore size distribution becomes wider,
and the number of pore with the diameter more than 2 mm increases; furthermore, the diameter
of the biggest pore becomes larger. The self-compacting concrete with the plastic viscosity less
than 9.37 Pa-s has a better fair-faced surface. In this condition, the percentage of the surface pore
areas is less than 0.2%, and the diameter of the biggest pore is less than 5 mm.
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AIHF T B ELFKRERL R AZ R ARE R, KA Image-Pro Plus® fF3E1T T R B 1
BT, FoNT REERSRBERMAE. SRRY, BT LREL SRR RS RY
WA R, BDREMMERY N E T TRELRMMERNEERR, TS5 ERTTIR I KHERME
BA&, SEMTAENRIEERRSIEENY RENAREOUAAR . EIAKERB MG S5, BT
AR PR A B AR BT VIRL /1, (R AR SR B AT R R RB IR, BRSNS IRE.
REEE MR R, BELREERESAERE 2EZH R, ARARTAHERE, ERKT2mm
SAEZ HARZ K. BHREMKT9.37 Pa-siHELRELRIFKMRRE, REATHRNT
0.2%, WAFZE/HT5mm.
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1. BY

B S AR Bt BE A SR B R B R RO R T IRIS TS AR AT T, KEE B B 7™
AR AN PEANIE B SR R B )R KRB R TIAROR[1]. A% e KRR AR
TREE PR NPt TRERE . ORI TS, PRI AN L IR AL A, DRI LA M A0 B4
B & S KR RS B EIRAH B S SRR, (B2 B SR A B K s P (SF: 550~850
mm), AR R R H K (400~550 kg/m®), AT B EATIAK, AASRERS AR B KR E, S
B ARAE VR B L R I XE AR [2] 0 A BRACOR PV AN AT BABR e B SR AR R e, T ELRE
% D50 T K TR B R R (3] [4].

H & SR Bk T U B O R RD S AL R, T HL % s e S R R AR KRR | 2 SR
FVERERISZMA[S] [6]. VFZHTITR] H B SR EBE L b SRR [ S ibE b AV AR PR R A7 AE AR SR A AR G,
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T H IR J (i A v RE LR B R 225 . s [7] [8] [9] [10]. AHH Fuke @ ik Mk B 25 SR e L b Je i)
SRYERERE, WA [ SRS P AR S0t 151 2 SR e ) SR RE A2

2. FMH 5L
2.1. EAR

UG AR 2 P- 11525 /KYE(1R S C), ELK IR 354 mikg, 3 d Al 28 d Fi/E #5454 31.0
MPa, 57.6 MPa; [ Z& 0K (IS FA), %5 A 2160 kg/m®, ELREAN 445 m¥kg, /K& A 95%, 28
d i 72.3%; S95 Bk (NS SL), N 2900 kg/m®,  LLEHIFH 434 mikg, WBIFE N 102%,
28 d R AL o 113%:; AR AN 2.6 IR (RS S), RMEE N 2630 kg/m®, 2K
41.5%, &= 0.8%, RILEE 0.4%; HEAERKA 5~20 mm ELLE A (RS G), RMHE N 2640
kg/m®, 2B 45.0%, Y& 0.6%, JeHLE & 0.4%; FRAFRIHEI(IRS 2R A ebem, kifeh 1~4
mm, LRI FIROKE N 30%; MRS AR ERIR R &S EROKT IM-PCA, & & & 30%, JkK
%)y 35%, SIS AEA)FILF4EZ RIEHH(T VMA): KN ERKAS W).

2.2 A&

2.2.1. MHEEME

I8 K F Brookfield RST FEXeH B v RAKD HKGJE . RIQEE T 10 DA WIFEE, 43 5 B 902 8T
R, W L KREE SRR —F ZAREY, B2 558 R R IUR AR A A P RE[11] [12]
[13] [14]. TEZDLRMAH, METYIN ) ¢ KT RIRRLI) o b, JRAEA R R A RSN, AT BB AR 1
MEYINT) « NTIRIRBL) 1o I, JRARBA RN, R, HRALTTHEN:

T=Ty+ Uy @

Ao, o ABVIR I (Pa); o NEIRRLSi(Pa): p AIBHEREE (Pass): y NBIVIER(S ™). JEIRRLT o FHIEAA
N & RIURE 8] TR AE  ABERE D07 A, RBHLAE SR AR BB AR T R B K SE g o BBIEREEE oo UL SR AR N R4 )
PRSI —FhPERE, R T AR RIRTEE R . [HALE BT DIS B U, w15 R g 28 1
REZ o

222 BESLANKERELIRHHTZ

% S 7K TR 2 TR AR T IR RSS2 300 mm x 100 mm x 500 mm, SRHATE 1 FIFC & il 21
R AR, R B R RE R, FIARHEEAE R (T 2538 2l 25 Ik, FR9 24 h R, 23
WL TR Bk 2 T P R
3. MBARS S
31 BESACRRLRREAL

IR 1 10 AEAAFEIRS I IEVERE ) C60 H 4 5is KR AE L, By BRI R X5, 8 € ¥y
WKL 20%, [EEN SR 20%, [EERPFy 48%, b P4 R 35 kg BARI SR ACRME
NA TR AR ARKIREEAE 0.28~0.33, ARMLAMINGFIS &, JFil 51 GRS AR I O3 b S KRG JE 4
LABETE K ARGl R4 ARE SRR 1) S0t b S BB SR P 2. DI T B o SR B
IS Tooo M FEIE, Horh Togo AyilEE LRSI EZE] 500 mm JT 5 B[] A& LI & LS8 R E)
PERNASE RT3 2 b b PLZHLH I 1R B I/ R 100
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Table 1. Testing procedure of rheological properties
=1 OREMRERINIRIZRF

Time (s) 27 55 82 110 137 164 192 219 246 274

Shear rate (1/s) 0.164 0.283 0.706 1.650 2.356 4.719 11.793 23.624 28.357 35.369

Table 2. Mix proportion and fluidity of self-compacting concrete
2. C60 BELRERLTRIEA SL RE RN

Goup  we A wo sz oA A B T S e
P1 0.30 1.20 159 821 / 6.36 / / 15 630
P2 0.33 1.00 170 821 / 5.19 / / 2 710
P3 0.30 1.00 159 821 / 5.30 0.2 / 9 700
P4 0.30 1.00 159 741 35 5.30 / / 8 690
P5 0.32 1.10 165 821 / 5.76 / / 6 655
P6 0.30 1.00 159 821 / 5.30 / / 13 660
P7 0.30 1.20 159 821 / 6.36 / / 10 720
P8 0.30 1.10 159 821 / 5.83 / 0.3 9 635
P9 0.28 1.20 150 821 / 6.47 / / 15 610
P10 0.30 1.20 159 821 / 6.36 / 0.5 16 530

3.2. BRI ERE

H 2 g KR e L% S, O LD IR, IR R R L R SRR MR RS, R R B BT D) R
FETY R AL M B ARG, R0 Ba T3 3 .

SERRW, B SNEKIREE L R SR AR M R A DU AR IR AR T R, H BT DN S BT PE
REMERR, MM KRB R TE 0.943~0.994 [, 540 11 2 S2id K IR e L b R BB MR, JLTE A 5~22
Pa-s, Ji RBY VI 1B R, 7E 0~95.5 Pa 2 [F]. HoHt P1~P3 20 1B A & o AR AR BT DI ) 70 3
BUK, fF5.2~7.5 2, kT 7.10 Pa. ML, PI~P3 5Tiish, S FRBAERL, (HPLA
R tH AR e /K, A7 TS0 IRaliE & R AL 18, §REAR . P4~P8 MYBIERGE 1 FIJE IRBI VTN /) 7
&, u fE 8.3~14.2 Pa:s Z i), 1o/ibT 12.9~64.6 Pa 2 [A], ¥MREAK, ST HRS), HEFEALTYI
GEIIIRBIN. 7o 177 PO~P10 RIS YLK o A1 ARBI VI J) 0 88, w 7E9 20.5 Pars LA I, 7o 7F 93.2 Pa LA
I

SHTATCAE . P1, P8 FIl P6 AL&rLhseAAHIA], 1H PLAMINFIB R &, N 1.2%, FEWK, Hl
P IBVERG B o RO RGBS VIR 7T 70 A, oo HL28 BN T 00 HEBRIAZK S, 38 22438 8 5 751 7 bt 3R Mk 1)
P7 20, Hy R K. P8 B &N 1.1%HK P6 =, (EURSEEAIE AR VIR /354G prde &, 9 R BEAR A A
K, BEHAM I A RIS o TR EERG A0[RI 3G 0 A K A Be s AR IR A, o P5 4.
T SR FH 180 A 70 8 kG TR M Sk e WA B I P7 AT P10 ZH. T IR /K IS BL , 3 i 18 oK A n 70 FH Sk
BOR TAEYE, G0 PO 2H, {HHORG A AR S g 1 253 K

DL P6 MIEHELL, P2 3N T KR, WK, P3 &M<, P4 HREMARE L, P2, P3
YD IR SB AR B 0 JE IR BY IR 3 3 FRAR, RIMAE M b Togo FRAK, VR T-7E F A Nl
FEmR, §IREERIR . 1M P4 HERIEEERDEURL, LI RG R 2 PR, (HE IREY DN ) B .
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Table 3. Mortar viscosity of self-compacting concrete
< 3. C60 BB NCE R L R Rb IR EB MR

Group P1 P2 P3 P4 P5 P6 p7 P8 P9 P10
Viscosity u (Pa-s) 5.17 6.51 7.50 8.27 9.37 10.46 10.90 14.23 20.53 21.75
Shear stress 7, (Pa) —0.32 7.10 1.25 42.89 20.11 12.89 20.31 64.58 93.17 95.50

3.3. BB RUIMEREHR

KA 1 FIRCA 1 10 41 EA A [FIRD IR BB VRS FE 1 1 25 S 7K VR B - AR 1 2 T3 1o <
1. N T XFREEREMERE— 2D B0, K Image-pro plus 6.0 B fExF 1 3 TR EE -+ R m T B1E
WEE, FESANAEIR: BURR SR — K FE AL — FLIR /NI HCE oy A — BB AL B, b3S 3 A B
e 2.

Silva [15]fAF 7t BAAE FHFLIF AR B 3 28, AL R ST 20 A Fl e K AL RS = AN 50me % B8 n 4= 1 1)
TR TR L3R A FLIRE L o - AHVR LR T AL AR 08, AL RS A B AR KT 2 mm, FLIFA
a3, K 4,

MIE 2 FTE 3 AT LA H, B TR b S R B PR B 3O, TREE SR T FLIR B AN /N A b
2T PL. P2 R P3 ARG AR A, FLFERAE /N T 0.2%, P4 F1 P5 [ KFLEGEIT 6
¥, miF P6~P8 &L LR M MFLIAA R B £, 1A% 0.3%~0.6%, HALAWEE K. Hp P9 M
P10 MR M FLIH AL E] T 1.0%LL .

SR R BE RN R T FLIR ) A AT R W, 3R T 2 V5 Y8 R P (AR DG P (2.3, T 5 IR B D) 7 A+ S
Bk, P1~P5 2H [ % S K R EE L R I FLIF T AL B 2 2Uh T 0.2%, Al KR TS KGR BT, %8
PEXEEE N 5.2~9.4 Pass, JEARBIYIN /J#E—0.32~42.9 Pa; P6~P8 41 4 %5 SR ikt - (1) 2% 1 FLIR ThI AR 71 20 $0 e
0.3%~0.6%; P9~P10 4 [ % skt L R H ALIN AL H 7 5 24 KT 0.9%.

ME 4 FTEUE H, PL1~P7 4 H % SR e TR LI B2 = B0 A T 0~5 mm 2 [7], P8~P10 43 %4y
i ¥ 0~11 mm Z [l 2 mm LL_EEA AL EEM PL B P10 B#iE 2, P1~P5 A KFLIAE /N T 5
mm, P6~P10 41 KFLIFAEA AT 5 mm, HEEEBEVERER FF, B % SR - R LI A E 4
WG R,  FLI RS A2 58, BAAKT 2 mm LIRS B0 2 H & KRFLIR B AR K.

gr ERTR, RGeS IS0 AN e AR M AR (W RALFE AR A SCVEAR B &, IORG FE Y PLL
P2 fil P3 K I TERE i, R ALIA AU 0.1%, LI SBEMERE FEAE 5.2~7.5 Pa-S, {HH I T /K P14
ISR RELRIIE R AT (R T PERE . 10 P4 R PS 2R EIPERE nTH252, I R H FLIF HIFRAE 0.1%~0.2%, f K
FLAEAHIE 5 mm.

4, g5ig

ARSCWETE 1 B i KR L AT R 5 R ANERE, IR M 1 AR, 15 7 DU BT R4 18

1) B SIE KRS AR SRR AV REAT & S DU AR AL T R o AMINGRIIE 45 3 B /K AL IS
SRR PR M RS AR RS g 2 L DM, fEL R SR R U A A R AE SR AR R S AR
PREELAN, REIE IR AT LAORKF R AF ORI PERE . SR ATIE AR R AR SR Ja AT AR e WL s 2k
BN REFEAR -

2) IR 8T 51 G T AR ARG A S AR BT IS 7, B e R SR (R Bl A
YRR . FRIB R SERAREACERD, AT R VR L T 32 i Je AR BY DI 77, T DASE KAt sl e P i e 4™
A K
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Figure 1. Surface of self-compacting concrete
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Figure 2. Surface of self-compacting concrete after image processing
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Figure 3. Percentage of hole area on the concrete surface
3. RBELREMFIUAERESH
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Figure 4. Number of holes greater than 2 mm on the concrete
surface

B 4. RELREAT 2 mm FLIENE

3) KTk RE S BEVERG FE ARG B3, T 5 8 AR EY V) R A MRS, 5 W TAE P R AEFR bR
IRANH FEANY R ERA SVt B . BRSBTS BE IS OK, B S SR L R T AL T AR A 2 HOZ Wi
K, KALBEHZ.

4) FHFLIFAERNT 0.2%, HAFLIABER/NT 5 mm i, PONTREE - KR B KSR AT 852, B,
IAVERGEART 9.4 Pars. JLHp M DLRTHFLIA AN T 0.1% 58 4%, i % H SRS B (K T 7.5 Pars.
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